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PAYLOAD ADVANTAGE — MARS

NUCLEAR ELECTRIC PROPULSION DELIVERS GREATER PAYLOADS THAN
CHEMICAL PROPULSION AT THE EXPENSE OF TRIP TIME.

SPECIFIC IMPULSE OF 4000 S BALANCES TRIP TIME WITH DELIVERED PAYLOAD.

» TYPICAL SPECIFIC IMPULSE FOR ION THRUSTERS
» MORE THAN TWICE THE TYPICAL SPECIFIC IMPULSE OF XENON HALL THRUSTERS

COMPARED TO ION THRUSTERS,

HALL THRUSTERS OFFER BENEFITS IN
TERMS OF VOLUME, MASS, AND COST

-

How CAN HALL THRUSTERS
ACHIEVE HIGH-SPECIFIC IMPULSE
AND LONG LIFETIME?

KRYPTON HALL THRUSTER
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KRYPTON VS. XENON

XENON

KRYPTON

RELATIVE TO XENON...

MOLECULAR WEIGHT (G/MOL)

131.3

SICRS

Mo, VT, TLIFETIME
(@ CONSTANT VOLTAGE AND DENSITY)

1ST IONIZATION POTENTIAL (EV)

12.1

14.0

4 MASS UTILIZATION EFFICIENCY,
IMULTIPLY-CHARGED IONS (TLIFETIME)

CosT ($/L)

$4.50

$0.38

JQUALIFICATION & ON-ORBIT COSTS
TAVAILABILITY, VPRICE VOLATILITY

DENSITY (@ 190 BAR, 340 K, KG/M3)

1.66

0.67

1 STORAGE TANK MASS/VOLUME
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THE KRYPTON EFFICIENCY CHALLENGE

EFFICIENT KRYPTON OPERATION REQUIRES INCREASING THE
, WHICH IS AFFECTED BY SEVERAL DESIGN VARIABLES.

\
I WALL LOSSES < » T IONIZATION / \

OPTIMUM B SHAPE < > | WALL LOSSES PERFORMANCE

THERMAL
STABILITY
LIFETIME

T LIFETIME < » T IONIZATION

I WALL LOSSES < » T IONIZATION

! WALL LOSSES < > T loNIZATION S J

THE CHALLENGE IS TO ACHIEVE HIGH-PROPELLANT UTILIZATION
WITHOUT SACRIFICING THERMAL MARGIN, STABILITY, AND LIFETIME.




NASA’sS HALL THRUSTERS

NASA-400M N s

POWER: 1-100 KW
THRUST: O.1-3 N

lgp. TOO0O-5000 s
EFFICIENCY: 40-70%
PROPELLANT: XE, KR

(&

%

NASA-120M
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PERFORMANCE — XENON VS. KRYPTON

» AT CONSTANT CURRENT DENSITY, EFFICIENCY INCREASES WITH
THRUSTER SIZE (POWER)

» COMPARED TO XENON, KRYPTON EFFICIENCY IS TYPICALLY 5-15% LESS

» BOTH TRENDS ARE PRIMARILY DUE TO DIFFERENCES IN THE

KRYPTON

+ NASA-120M
= NASA-173M
A NASA-400M
e NASA-457M

¢+ NASA-120M
= NASA-173M
A NASA-400M
e NASA-457M
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HALL THRUSTER EFFICIENCY

BY ACCOUNTING FOR THE EFFECTS OF A MULTIPLY-CHARGED, PARTIALLY-IONIZED PLASMA,
HALL THRUSTER EFFICIENCY CAN BE EXPRESSED AS A FUNCTION OF THE
) , , AND UTILIZATION EFFICIENCIES.

ANODE EFFICIENCY

[ MASS UTILIZATION EFFICIENCY
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HALL THRUSTER EFFICIENCY (2)

ELECTRON CURRENT AND UTILIZATION EFFICIENCIES CAN BE COMPUTED IF THE
FOLLOWING QUANTITIES ARE KNOWN:

v ANODE EFFICIENCY — MEASURED WITH THRUST STAND
v'_LOSS VOLTAGE — MEASURED WITH RPA
v'|ON SPECIES FRACTIONS — MEASURED WITH EXB PROBE

XENON
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PLASMA DIAGNOSTICS IN VACUUM FACILITY 12
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NASA-173MVv2 OPERATING CONDITIONS

NASA-173Mv2 HALL THRUSTER
— MAGNETIC CIRCUIT OPTIMIZED FOR HIGH-ISP

— DESIGNED FOR XENON

XENON CONDITIONS
— 800V,90.84 A

10 MG/S ANODE, 1 MG/ S CATHODE
THRUST 324 MN

ANODE IsP 3310 s (TOTAL Isp = 3000 s)

ANODE EFFICIENCY 66.7% (TOTAL EFFICIENCY= 59.6% )

KRYPTON CONDITIONS
800V,8.27 A

[

6.4 MG/ S ANODE, 0.64 MG/S CATHODE
THRUST 215 MN

ANODE ISP 3410 s (TOTAL IsP = 3100 s)

ANODE EEFICIENCY 54.7% (TOTAL EFFICIENCY = 48.8%)
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NASA-173MV2 — XENON VS. KRYPTON

VD =800V KRYPTON

LOSs VOLTAGE (V) 64

SPECIES FRACTIONS (26) 96.1,3.4,0.5

DIVERGENCE ANGLE (DEGREES) 67°

BREATHING-MODE FREQUENCY (KHZ) 31

OSCILLATION MAGNITUDE (% OF Iy) 14

ELECTRON CURRENT (A)




NASA-173MVvV2 — XENON VS. KRYPTON EFFICIENCIES

B XENON B KRYPTON
1 00% VD = 800V
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CHARGE VOLTAGE CURRENT
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B KRYPTON 98.9% 92.0% 75.3%
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CONCLUSIONS

THE KRYPTON-FUELED HALL THRUSTER OFFERS THE POSSIBILITY OF HIGH-
SPECIFIC IMPULSE AND LONG LIFETIME

NASA’S SERIES OF HALL THRUSTERS HAVE DEMONSTRATED KRYPTON
EFFICIENCIES ONLY 5-15% LESS THAN XENON

— LARGER THRUSTERS HAVE SMALLER DIFFERENCES IN EFFICIENCY

PLASMA MEASUREMENTS HAVE DEMONSTRATED THAT EFFICIENCY IS REDUCED
DUE TO A DECREASE IN MASS UTILIZATION

CURRENT EFFORTS ARE CONSIDERING THE IMPLICATIONS OF THESE RESULTS,

AND HOW DESIGN CHANGES CAN BE MADE TO
INCREASE THE EFFICIENCY OF KRYPTON HALL
THRUSTERS




